Personality homophily remains an understudied aspect of social networks, with the traditional focus concerning socio-demographic variables as the basis for assortativity, rather than psychological dispositions. We consider the effect of personality homophily on one of the biggest constraints to human social networks: geographic distance. We use the Big five model of personality to make predictions for each of the five facets: Openness to experience, Conscientiousness, Agreeableness, Extraversion, and Neuroticism. Using a network of 313,669
Introduction
People have traditionally been socially and geographically constrained in their choice of friendships, frequently establishing new ties through mutual acquaintances or shared activities. 1 more sporadic connections and a network low in transitivity. 11, 12 Conscientiousness is associated with the maintenance of personal ties, but appears to affect position in organizational networks more than personal ones: conscientious people are often at the center of their work networks. 11 Finally, Neuroticism does not seem to have a major impact on network structure, although it has been associated with more weakly connected ties, and tends to be negatively associated with centrality. 13 Personality has been found to be homophilous in both offline 8 and online contexts. 9 In particular, three facets of the Five Factor Model stood out as homophilous in both contexts:
Openness to experience, Extraversion, and Agreeableness. 8, 9 Similarly, people connected in a Facebook friendship network were more similar in terms of Conscientiousness, Agreeableness, and Openness to experience, compared to users who were not connected. 10 Given the Internet revolution and dominance of "virtual" online interactions, the extent of physical co-location has become an important issue to consider. The Internet and online social media provide an alternative platform for individuals to find common ground through shared interests, or similar attitudes and beliefs. Despite the opportunity that the Internet provides to create relationships without meeting, the importance of physical proximity in tie formation is just as strong in online social networks, as in offline ones.
14 The probability of two people becoming friends is well-known to decrease with geographic distance [15] [16] [17] [18] [19] . Distance appears to matter less when people are close enough to easily be able to travel to see each other face-to-face, or engage in activities together. 20 Communication networks appear to have two main levels: short-distance communication has high clustering, but is of short duration, while long distance communication has smaller clustering, but tend to last longer. 16 Personality has been studied in spatial contexts at different levels of granularity. [21] [22] [23] Regions in the UK can be distinguished based on their differences in personality. For example, Scotland is high in Agreeableness, while Wales scores high on Neuroticism. 23 At the city level, differences in neighborhoods could be observed, with some scoring on average higher on
Openness to experience and others higher in Agreeableness. 22 At the finest level of granularity lie the venues that individuals visit, where the perceived personality of patrons could be used to infer the ambiance of a venue. 21 Previous work has also shown that personality facets, such as Conscientiousness, Openness, and Neuroticism, are related to Foursquare usage. 24, 25 Furthermore, Conscientiousness, Openness to experience and Agreeableness were found to be homophilous, using Foursquare users' check-in history. People who scored highly on each of these facets were more likely to go to the same locations as similar others. 26 It is therefore important to consider the influence these spatial influences can have on the formation, shape, and evolution of social networks.
In this paper, we focus on the interaction of geographic distance and the different facets of the Five Factor model of personality on the connectedness of people in an online social network. Studies on personality homophily rarely consider one of the constraints to the formation and maintenance of ties: geographic distance.
Motivation for Hypotheses
We hypothesize that people with certain personality traits are more affected by distance than others. Open people might be more likely to be connected to people further away, as they are more likely to initiate contacts with a range of different people. In contrast, we would expect more conservative people to be located geographically closer to each other (Hypothesis 1).
Conscientious people are organized and mindful of others 27 , which might make it more likely for them to stay in contact, even if they are further away and face-to-face contact is not possible. We therefore expect the connection between fellow conscientious people to prevail even at longer distances, compared to pairs of friends who are low in Conscientiousness (Hypothesis 2).
We hypothesize that distance matters for Extraversion: people who are extraverts rely on physical, rather than online, activities to form friendships and maintain their social bonds. 28 Such activities require relative geographic proximity and therefore there is a basis for distance among extraverts to be lower compared to introverts (Hypothesis 3).
Agreeable people are popular friendship and communication partners, whether offline or online. 8, 9 People might be motivated to stay in contact with others who are friendly. People who are high in Agreeableness might also be more likely to maintain contact with others. We therefore expect agreeable people to be connected, despite the distance (Hypothesis 4).
It is harder to make predictions for Neuroticism. Previous research suggests that neurotic people tend to have smaller groups of friends, and might use online interactions to substitute offline ones. 29 Neurotic people might also need emotional support that is readily available, making functional long distance relationships less likely (Hypothesis 5).
Summary of Hypotheses

Mutually open pairs tend to be further apart, while mutually not-open pairs tend to
live in close proximity to one another, compared to mixed pairs.
2. Mutually conscientious pairs maintain friendships at greater distances, compared to mixed and mutually unconscientious pairs.
mutually introverted pairs and mixed pairs.
4. Mutually agreeable pairs are connected at greater distances, compared to disagreeable or mixed pairs.
5. Mutually neurotic pairs tend to maintain friendships at shorter distances, compared to emotionally stable or mixed pairs.
Methodology
We use a subset of variables from the MyPersonality triads dataset 30 , which contains personality, geographic, and demographic information of 300,669 Facebook users (Table 1) . The personality scores for all users were divided into terciles to obtain a categorical personality variable. For each facet, we consider low and high scorers, allowing a focus on the facet's extremes and clear-cut comparisons, such as between extraverts and introverts, for example (see Table 2 ). Middle scorers were taken out of the analyses; this approach has been successfully applied in previous work. 26, 28, 31 . This also allows for comparisons with previous studies with the same approach. 9 Finally, this also increases statistical sensitivity as the effect sizes in these type of studies tend to be small. 10 Facebook was assigned to one of three categories. For same low pairs, both users are low scorers;
for mixed pairs, one user is a low scorer, while the other is a high scorer; for same high pairs, both users are high scorers (Table 1) .
Table 2. Definition of low and high scorers for each personality facet
We first analyzed the average distance to friends of Facebook users, depending on their own personality tercile score, but independently of the personality of their friends. This is to uncover any inherent tendencies of people of certain personality dispositions. Same pairs were then compared to mixed pairs, with the expectation of finding a significant difference in mean geographic distance, based on Hypotheses 1-5. Welch's t-test was used for all analyses. This is an alternative to the Student t-test, which is robust against unequal sample sizes and unequal variances. 
Results
Using Welch's t-test, we found significant differences between low scorers and high scorers in terms of distance to friends for all facets ( Same low scoring and high scoring pairs also differed significantly, see Table 4 .
Extraversion
For the Extraversion facet (Hypothesis 3), geographic distance differed significantly depending on the different pairs, t (2,11503.83) = 24.851, p<.0001 (Table 4) . Same low scoring pairs on the Extraversion facet lived the furthest apart (M=545.03km, SD=998.05), compared to mixed pairs (M=464.79km, SD=926.9). Same high scoring pairs lived closest together (M=420.0km, SD=897.0), compared to mixed pairs, and same low scoring pairs. This provides support for Hypothesis 3: extraverts like to physically meet up with others to maintain their relationship, which might explain their closer proximity.
Agreeableness and Neuroticism
We found no support for Hypothesis 4 in regards to user pairs' geographic distance. There was no significant difference in geographic distance for pairs of connected users (t(2,11227.37)=0.731,p=.481) for the Agreeableness facet. We found no support for the Neuroticism facet (Hypothesis 5) either, t(2,11138.53)=2.652,p=.071). 
Discussion
The aim of this paper was to study the interaction of geographic distance and personality on the connection between Facebook users.
In accordance with our hypotheses, we found that geographic distance between a pair of users differed depending on their personality. Notably, we find that people who scored high on the Openness to experience, Conscientiousness, and Agreeableness were geographically further apart from their friends compared to people who scored low on these same facets. On the other hand, high scorers on the Extraversion and Neuroticism facet were found to be geographically closer to their friends, compared to low scorers on those facets.
To further investigate this effect, we compared connected pairs of users, based on their personality composition (same or mixed). We confirmed that conscientious and open pairs of users were indeed further apart than their low-scoring counterparts, as well as pairs with mixed personality scores on these facets.
It is important to note that most of these relationships have relatively small effect sizes.
However, the relationship between personality and geographic distance, as well as the small effect sizes, are expected and consistent with previous work. 10, 28, 33 In addition, we have used conservative methods to control for family-wise error by applying Bonferroni corrections, and have checked False Discovery Rates (FDR) with the Benjamini-Hochberg procedure. A replication using a different sample would clarify whether pairs scoring low on Conscientiousness are indeed closer geographically than mixed pairs. Social media research often benefit from large samples that do not rely on large effect sizes to be replicable. 34 Further work can focus on the reasons behind these effects. The static nature of the current dataset is restrictive. A more dynamic network approach, which follows people and their connections as they move, would be able to give further insight. Personality has been found to influence how we keep in touch with others, which shows the importance of such an approach. 35 The current study does not take into account the goal behind user connections, which might range from genuine personal connections to opportunistic networking. Future research could seek to identify the impact of user motivation when maintaining a Facebook contact, on the interaction between personality homophily and geographic distance. However, it remains unclear the role quality, rather than quantity, of exchange plays in this case.
The quality of online relationships should be considered as well. Offline-first relationships are qualitatively the best, followed by mixed-mode relationships, and then onlineonly ones. 20 Most Facebook friendships fall in the offline category, with people having met on average 96% of their Facebook friends in person before connecting online. 36 Just like offline networks, social media connections vary greatly, with 21% of Facebook friends considered close friends. With an average of 400 friends, this equates to 80 close connections, which is the size of a person's active network. 37 This is also in line with research finding that online and offline networks mirror each other in terms of the size of the different network layers. 38 Finally, with the exponential increase in the use of social media over the last decade, it is valuable to consider online networks as a worthy subject of study in their own right. Web-based studies are mostly as reliable and diverse as more traditional, offline studies, and greatly benefit from large sample sizes which can help to increase statistical power. not-open pairs. Conscientious users were also on average further apart from each other, compared to unconscientious ones. However, the snapshot nature of the data does not allow us to make any inferences on the reasons behind these effects. Future work will need to address how such relationships evolve with distance in a longitudinal context, which also takes into account other variables, such as frequency and quality of contact, which have been found to be essential for the maintenance of social ties. Personality homophily and how it relates to network structure remains an understudied phenomenon in the current literature. To the best of our knowledge, this study is one of the first to link personality homophily and geographic distance together.
